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Owing to the well-established CMOS processing technology, silica-on-silicon has become an advanced platform for
cheap and robust, mass-fabricated integrated optics. Passive components, multiplexers, rare-earth doped lasers, and
thernooptic switches have been commercially produced, but it is highly desirable to extend the platform to include
devices with nonlinear functionality. We show here that quasi-phase matched (QPM) planar nonlinear devices of high
quality can be fabricated by means of periodic poling of the glass. The devices, used for second-harmonic generation
(SHG), have accurately-controlled centre wavelengths, and the normalised conversion efficiencies are approximately
one order of magnitude higher than what has previously been reported for periodically poled glass [1].
The devices are fabricated on low-resistivity silicon wafers. In
typical batches, a thermal oxide is used as a lower cladding, and
plasma-enhanced chemiical vapour deposition is used to fabricate a 108
silicon-oxynitride (SiON) core layer and a borophosphosilicate 8
glass (BPSG) top cladding layer. Before deposition of the top lo
cladding, waveguides are defined by etching a ridge into the core ~ ':! '~
layer with the use of reactive ion etching. Periodic electrodes of Al -1k0 ~~ "
are evaporated onto the surface of the top cladding, and the Z
structure is finally sealed with a few gm of glass deposited on the z o-i
top surface. The poling is typically performed in air, by heating up 5 10
the device to 365 °C for 15 minutes, with +2500 V on the periodic
12
electrode and the silicon substrate being grounded. The SHG 10 E.820 825 830 835 840 845
measurements are performed by using a tuneable CW Ti:sapphire FUNDAMENTAL WAVELENGTH (nm)
laser and collecting the SH intensity in a spectrum analyser.
In Fig. I we show a typical QPM spectrum from one of the Figure 1. SH intensity vs. wavelength of the pump
poled devices. The measured spectrum agrees very well with the light in a 3-mm long device. Both measured points
calculated spectrum, for which we used a squared sinc function and a calculated curve are shown.
with Ak = k2,. - 2k, calculated from the Sellmeyer equation and
effective-index simulations. This shows that the devices have excellent unifornmity along their full length. Devices of
length up to 9 mm were fabricated and are found to exhibit perfect QPM curves. The waveguide geometry enables high
optical confinement and good overlap with the nonlinearity induced by poling. Thus, in the batches with most optimum
waveguide design, we obtain a maximum, normalised conversion efficiency of 1.4x10-3 %/WIcm2, which is roughly one
order of magnitude higher than what has hitherto been demonstrated with periodic poling [1]. Conversion efficiencies of
this order of magnitude will allow efficient doubling of pulsed laser sources with high peak powers. The periodically
modulated (exploited) part of the nonlinear susceptibility is yJ2)exp1 = 0.13 pm/V, and we believe an even higher value
can be achieved. The value of the conversion efficiency decays somewhat with time; this is due to interaction with
charges from the atmosphere and can be avoided by use of a high-quality sealing of the top surface of the device.
In Fig. 2 we show measured and calculated centre wavelengths
of a set of QPM devices with electrodes of different period, Ei
ranging from 17 pm to 25 pm. The calculations are based on the Is 860
Sellmeyer equation and effective-index simulations. Over more e
than 120in, both experimental and calculated points fallgy 820
extremely close to the same curve. The typical, measured device- It
to-device variation is less than 0.2 nm, demonstrating a very high P780
device-to-device uniformity across the size of the wafer.
In conclusion, we have demonstrated that high-quality nonlinear2
QPM devices can be fabricated in glass-on-silicon. The technology 700
is easily adaptable to any desired wavelength (e.g. 1550 nm) and 14 16 18 20 22 24 26 28
can be used not only for SHG, but for wavelength conversion QPM PERIOD A (gm)
processes in general.
Figure 2. Centre wavelength of QPM devices vs. the[11 V. Pruneri, G. Bonfrate, P.G. Kazansky et al: Greater than 20 %_ period of the electrode. Both measured (+) and
efficient frequency doubling of 1532-nm ns pulses in quasi-phase- calculated (o) points are shown. The curve is a 2""
matched gernanosilicate optical fibers, Opt. Lett. 24 (4), 208 (1999). order polynomial fit to the measured points.
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